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This study describes a survey and subsequent observation of the use of a medical decision 
support system by pediatricians at the University of North Carolina Medical Center.  The 
study was conducted to study how system design issues such as ease of use and provision of 
explanations affect residents’ use of the expert system. 
Use of the system recommendations varies by resident and patient.  Residents for the most 
part find the decision support system useful and helpful for routine physicals, but for patient 
visits that are more particular in nature, residents find that they must rely on their own 
expertise to provide the appropriate and fitting level of treatment.  The presence of multiple 
reporting systems also dilutes the efficacy of the decision support system.  Issues of trust in 
the system recommendations and its explanations of those recommendations are also 
relevant. 
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Introduction 
 
With the explosion of the technology industry, excitement about all that it offers and 
makes possible to its users seems to permeate all domains.  These technology solutions 
promise faster, further-reaching, and more accurate access to information of all kinds for all 
users.  Indeed, there is hardly any aspect of our lives that is not targeted for improvement by 
virtue of the latest and greatest technological innovation. 
But what drives initial adoption – and ongoing use – of these innovations?  Why are 
some innovations adopted, while others are completely ignored?  And once innovations are 
adopted, what determines the life expectancy of the innovation – in terms of how long users 
are willing to use the innovation, combined with how soon the creators decide to replace the 
innovation with improved or alternative versions? 
Obviously, the answer to this question is multi-faceted, and subject to many variables, 
including the user group, the application of the innovation, and the innovation itself – just to 
name a few.  At the same time, however, there are clearly some characteristics of successful 
technologies that seem to be universal in their positive association with user adoption.  
Specifically, for information to be useful to users, it must be perceived to be reliable and easy 
to access.  This is not to say that all successful technologies have these characteristics, nor 
that all unsuccessful technologies lack them.  There are many examples of technologies 
which are relatively difficult to use, or may carry some question about their reliability, that 
are nevertheless in operation; and similarly, there are examples of technologies whose ease of 
use and/or reliability is unquestioned, that nevertheless fail to be adopted.  These are clearly 
the exception, however; and in cases where they occur, it is believed that there is an 
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unusually strong factor driving their adoption or lack thereof (such as pressure from 
management to use a given technology, despite its poor design and/or inaccuracy). 
This study will examine how these characteristics affect users’ ongoing utilization of a 
technological innovation designed to provide them job-related information.  The system in 
question is a medical decision support system, which generates prompts for physicians to 
follow during the course of the patient visit.  The study will examine users’ perceptions of 
how easy it is to use the system, and how reliable they feel it is, as well as their observed use 
of the prompts during the course of patient consultations. 
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Related Literature 
 
The domain of expert systems is a broad one, with many contributors and many 
applications.  Across the domain, however, there are standard components that must be 
present in any successful expert system – namely, establishing trust with users by providing 
explanations, and designing the system appropriately for the intended users, particularly by 
making it easy for them to use.   
 
Expert Systems 
The system which is the focus of this study is an expert system – that is, a computer 
program designed to simulate the problem-solving and advice-dispensing functions of 
domain experts, as well as or better than actual experts (Wos, Overbeek, Lusk, & Boyle, 
1984).  Via the system, this information is available to the entire community of domain users 
(who presumably lack the expertise of the experts).   
Expert systems are made up of a knowledge base, rules for processing the knowledge, 
and the user interface.  The knowledge base generally contains both declarative knowledge – 
the body of knowledge within a narrowly defined domain, and heuristic knowledge – rule-of-
thumb information pertinent to a particular domain.  The processing of the knowledge is 
usually fairly complex, where a strategy is critical for intelligent use of the knowledge and 
rules in the system (Durkin, 1994).  The strategy emulates how the expert uses the 
knowledge contained in the system.  The user interface, finally, is critical, since the 
information must be accessible to its users. 
Expert systems are designed to help their users develop complex skills, solve problems 
efficiently, and make difficult or critical decisions with greater accuracy than would be 
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possible without (Harmon & King, 1985; Dhaliwal & Benbasat, 1985).  While some expert 
systems perform completely independently of human interaction, others act as “intelligent 
assistants” that “support the work of professionals and knowledge workers” (Dhaliwal & 
Benbasat, p. 343).  The system used in this study belongs to this latter class of expert 
systems, called decision support systems (so named because of their particular function).  
Among the various kinds of expert systems, decision support systems are expected to be 
more accepted by users, because of the presence of human control with these systems, by 
virtue of the decision support role that the system plays (Muir, 1987). 
 
“Trusting Technology” 
MYCIN, a computer program developed at Stanford University in the early 1970’s to 
assist with the diagnosis of blood diseases, is commonly accepted as the original prototypical 
expert system.  Although MYCIN outperformed Stanford Medical School practice experts, it 
was never actually used in practice, because of what one study calls “ethical and legal issues” 
involving lack of complete trust in the system performance (Cawsey, 2000).  Fast-forwarding 
to the future, in this seeming “Internet Age,” we are provided with a dizzying array of tools, 
information, and other resources at our disposal.  But, as much as Internet hype seems to be 
everywhere, so does an equal portion of wariness regarding how much and whether this 
ever-expanding technology can be trusted.  For example, the Association for Computing 
Machinery has devoted its December 2000 Communications of the ACM to the topic of trusting 
technology.  Thus, trust is essential in the design of decision support systems (Muir, 1987), 
since users’ trust of technology will affect their acceptance of these systems (Fox, 1996).   
However requisite (or prerequisite) trust is for successful adoption of innovations, it is 
nevertheless a challenging term to define – so much so that it has been called “the chicken 
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soup of the social sciences” because “it brings us all sorts of good things… Yet, like chicken 
soup, it appears to work somewhat mysteriously” (Shneiderman, 2000, p. 57).  Indeed, 
because “trust is based on the perceived qualities of another,” it is “therefore subject to all the 
vagaries of individual interpretation” (Muir, 1987, p. 531).   
Trust begins with the innovators themselves since, many believe, “people trust people, 
not technology” (Friedman, Kahn, & Howe, 2000, p. 36); so, trusting technology is “about 
whether we trust the people behind the technology” (Rosenbloom, 2000, p. 32).  This trust 
in the innovators is then transferred to the innovation itself, where user trust can be viewed 
as “the positive expectation a person has for another person or an organization based on 
past performance and truthful guarantees” (Shneiderman, 2000, p. 58), where expectations 
are fulfilled (or not) on the basis of a system’s ability to guarantee its correctness, security, 
reliability, safety, and survivability.  Similarly, others believe trust to come from “the perceived 
reliability of, dependability of, and confidence in a person, object, or process” (Fogg & 
Tseng, 1999, p. 81; emphasis added).  This combined with the expertise of the information 
contained in the system, defined with terms like “knowledgeable, experienced, competent” 
(Fogg & Tseng, p. 80), lends the system credibility such that users trust, accept, and use its 
recommendations.  Finally, others define trust as “expectation of, or confidence in” (Muir, 
1987, p. 527) another entity – and warn that it is critical for system designers to learn “how 
to design decision aids which decision makers will trust enough to use” (Muir, p. 527; emphasis 
added).   
Most of the definitions above look at users’ trust of systems prior to their use of the 
system itself.  Once users have decided to use a system, though, their trust must be 
maintained – which can be difficult, as “trust is fragile” (Shneiderman, 2000, p. 57).  When a 
system “fails to perform as expected, resulting in some harm, perhaps the loss of time, 
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information, or privacy” (Friedman et al.., 2000, p. 36), user trust in the system is broken.  
And “a human’s trust in a machine, once betrayed, will be difficult to recover” (Muir, 1987, 
p. 535). 
So the system’s ability to demonstrate ongoing accuracy and consistency is critical to 
users’ ongoing trust of the system, and their ongoing willingness to use it (Fox, 1996; Muir, 
1987).  Furthermore, it is not enough for the system to merely continue to function 
according to the status quo – it must actually prove itself by demonstrating reliability not 
only in stable environments with repetitious tasks, but must go so far as to show its reliability 
in events where risk is involved; that is, systems must “pass a fair test” by which the system 
proves its dependability (Muir, p. 532). 
It is important to note, however, that that there are sometimes motivated mistrusts of 
systems, where users establish an unrealistically high or low “criterion of machine 
competence” (Muir, 1987, p. 537) to provide an excuse for not using it.  For instance, users 
who fear that their “responsibility and authority are being usurped” (Muir, p. 537) may set 
the system criterion too high, so that they can claim that the system is untrustworthy, and 
consequently not worth their time or energy spent using it.  Similarly, users who wish to 
deny responsibility may set the system criterion too low if they feel incompetent, or do not 
want, to do a particular task themselves (Muir).  In either case, whether the trust violation is 
genuine or artificial, “both types of mistake – trusting too well and not well enough – can be 
costly” (Friedman et al., 2000, p. 34). 
In summary, for users to trust the systems they are expected (or desired) to use, they 
must believe that:  1) the innovators created the system with the sincere intention of helping 
the users; 2) the information contained in the system is reliable;  3) using the system 
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(following the system recommendations) is worth the time and effort required to do so; and 
4) the system will continue to perform at optimal levels of reliability. 
 
Provision of Explanations 
Anyone who has ever heard the not-so-reassuring plea of “just trust me” understands 
the importance of the entity requesting trust to provide sufficient explanation of why that 
trust should be given.  Even a supposed expert should be willing to explain him- or herself 
when asked to do so.  This is why expert systems in general, and decision support systems 
specifically, often provide explanations for the recommendations they make.   
“Ever since MYCIN introduced the idea of computer-based explanations to the artificial 
intelligence community, it has come to be taken for granted that all knowledge-based 
systems need to provide explanations” (Dhaliwal & Benbasat, 1996, p. 342).  This “ability to 
explain knowledge and reasoning,” is “considered to be one of the most powerful 
components” of decision support systems (Dhaliwal & Benbasat, p. 343).  As the intelligence 
in such systems becomes increasingly sophisticated, the need for these systems to explain 
their process becomes all the more critical – “the more power they are given, the greater will 
be the need for them to effectively communicate the intent of their actions, so that the 
people who use them can have an appropriate expectation of their responsibility and interact 
with them effectively” (Muir, 1987, p. 530).  Effective interaction by users is why 
explanations were first included with MYCIN, because the developers felt that “providing 
explanations, in addition to good advice, was critical for the system to be acceptable to users and 
to be acceptable it had to be understood by clients” (Dhaliwal & Benbasat, p. 343; emphasis in 
original).  These explanations, then, functioned as “specific decision aids provided to 
enhance the quality of decision making or the advice given” (Dhaliwal & Benbasat, p. 343).  
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Explanations in decision support systems, however, come in various types.  The Why 
and How explanations first introduced in MYCIN – e.g., Why is it important to know the race of 
the patient? or How did you arrive at this recommendation? are the two most common types used 
in systems today.  Two additional explanation types are the Strategic and What 
explanations – where Strategic explanations contain meta-knowledge, or problem solving 
strategies, used by a decision support system, while What explanations refer to “object 
definitions or decision variables used by a system” (Dhaliwal & Benbasat, 1996, p. 344).  
Perhaps the simplest distinction among explanation types is a function-driven distinction, 
which corresponds to human-machine interaction, where the explanation accompanies either 
queries or responses (Dhaliwal & Benbasat).   
Not surprisingly, controversy exists about which type of explanation is most useful to 
the users of the system.  One study found that medical practitioners felt that the 
explanations of the support system’s knowledge and functioning were essential to their 
willingness to use such a system in their practice of medicine (Teach and Shortliffe, 1981).  
At the same time, however, in light of the warnings against cognitive overload (discussed 
further below), designers are cautioned to carefully consider the tradeoff for users’ time and 
effort to access the explanations, since that cost could influence whether users access the 
explanations at all (Dhaliwal & Benbasat, 1996).  As such, many designers – particularly the 
designer of the system involved in this study – believe that explanations that are directly 
related to the advice given by the system are most useful to practitioners, and are much more 
considerate of the relationship of time spent on the system and benefit gained by using it. 
The Why explanations are provided by the decision support system involved in this 
study, then, to “increase user confidence in the source and quality of information” 
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(Friedman et al., 2000, p. 38).  As such, they thus convey the sincere desire on the part of the 
developers to help users use and trust the system, as well as demonstrating the reliability of 
the information contained in, and recommendations provided by, the system. 
 
Adoption of Innovations  
In addition to the critical issues of trust and reliability in a system, there are other factors 
that have been found to influence user adoption of innovations.  Perhaps the most 
referenced work in this area is Rogers (1983) and his theory of “diffusion of innovations” (p. 
1) in which he identifies various elements that determine how quickly (if at all) innovations 
are adopted.  These factors are the timeframe in which the innovation is presented, the social 
system to which the innovation is introduced, the communication channels through which 
information about the innovation is shared and, finally, characteristics of the innovation itself. 
In looking at the role that the time dimension plays in innovation adoption, an initial 
consideration is the innovation-decision process – from initial knowledge of the existence of 
the innovation, to implementation and finally confirmation of the success of the innovation.  
Decisions that drag on too long – or are made too hastily – about which technological 
solution to select can ruin all chances of the innovation’s adoption.  Also, the innovativeness 
of the potential adopters, naturally, plays into how likely they are to adopt innovative 
technologies.  These adopter categories are innovators, early adopters, early majority, late 
majority, and laggards – where the innovators are the first to adopt the new system, the 
laggards are the last, and the other categories fall between the two (Rogers, 1983).  Which 
categories the potential users belong to will affect how willing they are to use the system; it 
will also likely affect how willing they are to trust the system and, in some cases, how likely 
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they are to portray the system as being less reliable than it is to avoid using it (referring to the 
motivated mistrusts discussed above). 
In addition to how likely the potential users are to adopt a new technology, the social 
system in which they exist will also strongly affect how warmly it is received.  The social 
system norms, which are “the established behavior patterns for the members of a social 
system” (Rogers, 1983, p. 26), will create unwritten (and, in some cases, written as well) rules 
about how members of the social system should regard the new technology, and to what 
degree they are expected to adopt it.  These pressures are also referred to as subjective 
norms, and affect users’ adoption of technology because they are derived from individuals’ 
beliefs that “people who are important to her/him think she/he should [or shouldn’t] 
perform the behavior in question” (Venkatesh & Morris, 2000, p. 119).  This pressure, 
namely from superiors and peers, has been shown to be especially influential in technological 
adoption processes (Venkatesh & Morris).  The opinion leaders within the setting, that is, 
those individuals who “influence other individuals’ attitudes or overt behavior informally in a 
desired way” (Rogers, p. 27), also affect the degree to which a given technology is adopted 
by those whose opinions and actions they influence.  Still other aspects of the social system 
that affect innovation adoption are how decisions are made (how open or closed this process 
is in the particular social system) and the perceived consequences (within the social system) 
of using or not using the technology.  The social system into which the technology is being 
introduced, then, will strongly affect user attitudes about the technology and their 
subsequent choice of whether to use it or not (Rogers). 
The communication channel, considered by Rogers (1983) to be the “essence of the 
diffusion process” (p. 17), will also affect user perception of the given innovation.  
Particularly significant is the degree of homophily – that is, how similar the attributes of the 
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two parties in this communication channel are, in terms of beliefs, education, social status, 
and other personal and social characteristics, and to what degree they share “common 
meanings and a mutual subculture language” (Rogers, p. 19).  The greater the homophily, the 
more likely the potential user is to trust the messenger, and subsequently to be willing to try 
the system.  This opportunity for building trust corresponds to users needing to believe that 
the innovator has a sincere desire to help the user, as discussed above. 
In addition to the various user and environmental factors discussed above, characteristics 
of the innovation itself will determine how quickly it is adopted (or if it is adopted at all).  To 
draw in users who are at the threshold of the decision about whether they will make an initial 
effort to use the system, innovations which offer observability, i.e. whether the “results of an 
innovation are visible to others,” are more likely to be successful because “the easier it is for 
individuals to see the results of an innovation, the more likely they are to adopt it” (Rogers, 
1983, p. 16).  Similarly, systems which build in trialability – whether the innovation allows for 
experimentation on a limited basis – are more likely to succeed because users feel that they 
can assess the system for themselves with minimal time and effort expended.  Additionally, 
the perceived complexity of the system – whether users believe it to be “difficult to 
understand and use” (Rogers, p. 16) – significantly affects users’ willingness to experiment 
with and subsequently adopt innovations.  The more complex users perceive the innovation 
to be, the less likely they are to adopt it, as “lack of skill and knowledge is believed to be a 
primary factor behind efforts to resist organizational innovations” (Kwon & Zmud, 1987).  
It is also important for innovations to demonstrate their benefit to users and organizations.  
The relative advantage of an innovation, measured in “economic terms, social prestige, 
convenience, and satisfaction” (Rogers, p. 15), will factor into user adoption of the system 
(and may help to counterbalance system complexity, depending on the cost/benefit 
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perception).   Successful innovations will be those that are “perceived as providing greater 
organizational benefits than either other innovations or the status quo” (Kwon & Zmud, p. 
237).  Relative advantage could also be considered more or less synonymous with perceived 
usefulness, which has been defined as “the extent to which a person believes that using a 
particular technology will enhance her/his job performance” (Venkatesh & Morris, 2000, p. 
116).  This factor is both an “important initial determinant of intention” (Venkatesh & 
Morris, p. 121) as well as an important component over the long term.  In addition to 
providing benefits to users and organizations, innovations must also manifest compatibility 
with the “existing values, past experiences, and needs of potential adopters” (Rogers, p. 15).  
Successful innovations must demonstrate their organizational fit as well as their positive 
“impact on individuals’ attitudes regarding change, convenience of change, and power 
shifts” (Kwon & Zmud, p. 237).  In short, then, innovations have a tall order to fill – they 
must be perceived as being easy to try out, learn, and use, and must offer significant benefits 
in return for those users, and their organizations, willing to give them a chance to prove 
themselves. 
 
Ease of Use 
Given the evidence that the expectations listed above must be met for users to be willing 
to try – and hopefully continue – to use new technologies, systems designers are facing more 
and more pressure to create systems that are as user friendly as possible, in order to draw 
user interest and subsequent adoption (Allen, 1996).  Indeed, perceived ease of use – defined 
as “the degree to which a person believes that using a technology will be free from effort” 
(Venkatesh & Morris, 2000, p. 116) – is viewed by some to be “a potential catalyst to 
increasing the likelihood of user acceptance” (Venkatesh & Morris, p. 118). 
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One of the aspects of system design most visible to users is, by definition, how they 
interact with the system.  Making this aspect of the system easy to use (or seemingly so) may 
make the difference in whether users are willing to continue in their use of the system.  
Thus, “the critical component in such systems is the user interface” (Wos et al., 1984, p. 
374).  Since the system being studied provides information (in the way of recommendations, 
primarily), the aspect of user interface that will be the focus of this study will be what is 
commonly referred to as the information architecture – how information is organized, 
labeled and presented – since, for information systems, this is has been demonstrated to 
improve user satisfaction and encourage users to return (Gullikson, Blades, Bragdon, 
McKibbon, Sparting, and Toms, 1999). 
Systems practicing good information architecture design should be organized in natural 
groupings (Jones, 1999) to facilitate quick, easy, accurate navigation (Allen, 1996).  Also, 
system labels and word choice should match the terminology and semantic understanding of 
users (Allen).  Finally, with the presentation of information, the quality of the information is 
much more beneficial than its quantity; thus less is more (Nielsen, 1999).  Many times, users’ 
interest in decision support systems is based on the system’s ability to provide the specific 
information users need to make accurate decisions.  As such, it is important to minimize the 
cognitive load on users (Allen), and avoid being merely “massive databases with much 
irrelevant material” (Verhoeven, Boerma, & Meyboom-de Jong, 1995, p. 87). 
In addition to a system’s information architecture, its perceived helpfulness also affects 
user satisfaction.  Since people prefer to find the information they are seeking “easily, 
without a great expenditure of time or effort and without loss of self-esteem, other 
emotional costs” (Harris & Dewdney, 1984, p. 22), systems which assist users to this end will 
be more readily adopted by users.  Furthermore, familiarity and trustworthiness were two 
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determinants found to be associated with systems users deemed most helpful (Harris & 
Dewdney).  These findings reiterate the earlier claims about users needing to be able to trust 
that it is worth their time and energy (Verhoeven et al., 1995, p. 87) to use the given system 
they are considering using, and also that they can trust that the system will remain reliable for 
the duration of its use. 
The design guidelines provided above are echoed in literature describing system needs 
for the specific community of users this study includes.  This study will evaluate a medical 
decision support system that advises pediatric residents about which preventive services 
should be discussed in the course of the patient consultation.  Designers of such a system 
must understand the constraints under which this particular user group functions.  Studies 
show that while two clinical questions arise for every three patients, practitioners spend 30 
minutes per week reviewing evidence (Dwyer, 1999), and less than two minutes is spent on 
each question (Ely, Osheroff, Ebell, Bergus, Levy, Chambliss, & Evans, 1999).  Meanwhile, 
studies show that doctor consultation times are, on average, seven minutes (Gardner, 1997).   
Facing the need to do more in less time and to maintain expertise within an ever-
increasing mass of information, physicians need systems whose information access is well-
designed and helpful.  Although many doctors now acknowledge the need to be able to 
access reference information at the point of care (Gardner, 1997), it is easy to see that for 
doctors, as much or more so than for information system users in general, too much 
information is just as unusable as too little.  Studies show that physicians cannot spend time 
wading through too much information (Ely et al., 1999).  Other studies claim that “the most 
desired characteristics of information resources for primary care physicians are availability, 
familiarity, and low cost”— and specifically, among these three criteria, “minimal cost in 
time and effort is particularly important” (Thompson, 1997, p. 190).  To help minimize the 
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time taken interacting with the information provided, physicians prefer that information be 
in a condensed format that is patient-treatment specific, and pre-digested (Ely et al.; 
Thompson), that can be “most easily and efficiently accessed” and that is “most applicable 
to practical, clinical problems” (Haug, 1997, p. 230).  Physicians are willing to use such 
systems to assist them in the multitude of decisions they must make from day to day, but the 
decision support systems designed for them must be clinically relevant and easy to use 
(Hersh & Hickam, 1998) if they are to make use of them.  Finally, studies showed that 
physicians in residence were more interested in and experienced with the use of technology 
(Cook, Hartman, & Russell, 1998), thus suggesting that residents may be more likely to use 
decision support systems than their counterparts in private practice and/or with more 
experience.  One likely reason for this last finding is that, because of their experience with 
technology, the residents are likely to be more willing to use (or even interested in using) 
automated systems in their work.  Another reason could be that the more seasoned 
physicians are more likely to have the expertise (and/or feel confident that they do), and are 
thus less likely to need (or feel that they need) decision support assistance. 
For users in general, and physicians specifically, “systems that are perceived as easier to 
use will facilitate system use and task accomplishment more than systems that are seen as 
difficult to use” (Venkatesh & Morris, 2000, p. 119).  Similarly, systems that are perceived to 
be more helpful to users will be more likely to be trusted and thus adopted by users.  To 
conclude, systems that make it easy to find, digest, and understand the information the user 
needs “will generate the best cost/benefit rate for achievement-oriented individuals” 
(Venkatesh & Morris, p. 119) which in turn translates to successful adoption and ongoing 
use by practitioners. 
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Methods 
 
A two-phase study design was implemented to explore the use of a medical decision 
support system by pediatric residents at The University of North Carolina School of 
Medicine.  First, a survey was administered to 50 of the 53 residents who have access to the 
system.  Based on responses to the survey, a sampling frame was created.  Eight residents 
were selected from the sampling frame for direct observation during patient visits.  
Following the observations, residents were interviewed about their use of the system 
recommendations during the patient visit (and in general).  In studying user trust of the 
system, both quantitative and qualitative methods were used, in order to learn about users’ 
perceived use, as well as their actual use of the system (Kim, 1999).  This comparison was 
applied to both ease of use of the system – practitioners’ perceptions of its user-friendliness and 
actual use by practitioners of the prompt sheet during patient visits – as well as the system’s 
provision of explanations – again, practitioners’ perceptions of the usefulness of the system’s 
explanations and actual use by practitioners of the explanations in patient visits. 
 
The Decision Support System 
The CHIP (Child Health Improvement Program) system is a medical decision support 
system developed by Dr. Stephen M. Downs, Director of the Medical Informatics Training 
Program at the UNC-CH School of Medicine, to assist pediatricians in their patient 
consultations.  CHIP’s knowledge base is drawn from field-relevant literature, and is updated 
regularly.  The CHIP interface has two parts – one for the nurses and one for the 
pediatricians.  The nurse interface is designed to facilitate fast and easy entry of patient data, 
such as height, weight, and blood pressure, as well as immunization information.  The 
pediatrician “interface” is a hard-copy prompt sheet that is generated by the system for the 
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pediatrician to use during the patient visit.  CHIP creates the checklist by first identifying all 
of the preventive services relevant to the patient (generally based on age).  From there, based 
on the historical data entered in CHIP from previous visits, CHIP uses an algorithm to 
prioritize the services as appropriate for the patient – and the top eight 1 services are selected 
for display on the checklist.  Accompanying each recommended preventive service is an 
explanation of why the given service is relevant and, where applicable, the “recommending 
sources” from which the explanation is drawn.  This study observed the degree to which 
pediatricians use the CHIP prompts and their explanations in the course of patient visits. 
 
Surveys 
The pre-observation survey asked users about how easy they feel it is to use the CHIP 
prompt sheets during consultation, based on how the information in the prompt sheets is 
presented, labeled, and organized (see Appendix 1).   The responses were based on a Likert 
scale, with a range from Very Easy to Very Hard (for answers with ease of use scales), 
Always to Never (for answers with frequency scales) and No Opinion.  Users were also 
asked about how helpful they feel CHIP’s recommendation explanations are with patient 
consultations, based on how relevant the explanations are to the recommendation, and how 
credible they feel the information provided CHIP is, compared to that of medical texts 
and/or colleagues.  Again, the responses were based on a Likert scale, with a range from 
Always to Never (and No Opinion).  Finally, users were asked to report their overall use of 
the system (0-10%, 10-30%, 30-50%, 50-70%, 70-90%, and 90-100%), and their training 
level (PGY1 2, PGY2, PGY3, PGY4, Attending, and Nurse).   
                                                     
1 Eight recommendations are made on most CHIP prompts, although sometimes there are only four. 
2 PGY refers to “Post Graduate Year.” 
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The survey was piloted with three subjects.  One pilot subject was an attending 
physician, who is very familiar with CHIP.  Another pilot subject was a pediatric physician 
who was not familiar at all with CHIP.  The third pilot subject was a nurse practitioner, very 
familiar with CHIP and the residents using it 1.  Upon receiving feedback, the survey was 
edited according to the pilot experience and feedback, and subsequently administered to the 
user population.  Fifty of 53 residents (94%) completed the surveys. 
 
Selection of Physicians for Observation 
The next phase of data collection was the observation of practitioners’ actual use of 
CHIP.  Ideally, all users would be observed, in order to eliminate questions of reliability of 
reported use.  Due to practicality constraints, however, a sampling frame was created, from 
which representative members of the entire population were drawn.  Because only PGY1, 
PGY2, and PGY3 residents were surveyed 2, and since there were six levels of overall use of 
the system by which residents were asked to describe themselves, a 3x6 sampling frame was 
created, and each respondent was placed in the sampling frame according to his/her 
responses to each of these two survey questions.  The following table displays a simplified 
version of the sampling frame, where the totals for each cell are given (see Appendix 2 for 
the full version of the sampling frame). 
                                                     
1 Debbie Travers’ prior study of sociological implications affecting the use of CHIP is referenced 
subsequently. 
2 The categories on the survey included fourth-year residents, attending physicians, and nurses.  
However, residents in their fourth year of training did not work in the pediatric clinic, and thus were 
not available to participate in this study.  Additionally, the roles of attending physicians and nurses 
were each to support the residents, so they also were not included in the study. 
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Table1 – Sampling frame for observation subjects 
 
 
 
With the sampling frame thus created, subjects with varying training and usage levels 
were selected (one person from each cell indicated in italics).  To begin with, subjects from 
all three training levels who reported high usage of CHIP were selected.  Specifically, one 
representative from each of the three training levels who reported 90-100% usage was 
selected; likewise one representative from each of the training levels who reported 50-90% 
usage was selected.  Finally, two contrasting representatives were drawn from those 
reporting the lowest usage of CHIP.  This provided a total of eight residents at different 
training levels whose reported usage of CHIP varied from the most to the least possible. 
 
Observations and Interviews 
Each of these eight residents was observed regarding his/her use of CHIP during well-
child visits (routine physicals).  Each resident was observed during three to seven patient 
visits and, with one exception, over two days.  For each observation, a duplicate CHIP 
prompt sheet was printed, in order to compare the topics discussed by the resident to those 
generated by CHIP.  During each patient visit, the order in which topics – from CHIP or 
otherwise – were discussed was recorded. 
For the final phase of data collection, interviews were conducted with each of the eight 
observed residents to obtain explanations corresponding to the observed use (or lack 
 
 PGY1 PGY2 PGY3 Total 
90-100% 9 7 5 21 
70-90% 7 5 4 16 
50-70% 3 1 4 8 
30-50% 2 0 0 2 
10-30% 0 0 0 0 
0-10% 0 2 1 3 
Total 21 15 14 50 
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thereof) of CHIP’s recommendations and explanations during each of the observed patient 
visits.  During these interviews, the residents’ copies of the CHIP prompt sheet were 
compared to the duplicate prompt sheet on which topics covered during the patient visit 
were recorded.  Next, questions were asked about which topics were or were not addressed 
and why.  Next, questions about residents’ perceptions of CHIP (which purposefully 
reiterated some questions on the survey) were asked.  Residents were asked whether they 
found the CHIP sheet easy to use, in terms of whether information contained in the CHIP 
prompt sheet is easy for practitioners to use in the patient visit based on how it is presented, 
labeled, and organized – essentially, whether users feel that the information provided is 
sufficient (but not excessive) and is presented in a relevant and logical manner.  Also, the 
residents were asked whether they found that the explanations influenced their decisions 
about including the suggested topics, based on how helpful the explanations are with the 
recommendations, and how credible they are, relative to other information sources.  Finally, 
residents were asked why they used CHIP (or did not).  
 
Data Analysis 
The survey, observation, and interview data was analyzed to determine relationships 
within and across the various data sets.  For the survey results, means of each variable were 
calculated.  Analysis of variance was used to investigate the possibility that frequency of use 
and/or training level affected survey responses.  If an effect was found, a Scheffé post-hoc 
analysis was conducted.  The observation data was analyzed to determine residents’ use of 
CHIP, and what factors affected the variance of this use among residents.  Finally, the 
interview data was analyzed to compare the data that had been recorded during the 
observation to what the resident believed had been covered during the patient visit.  
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Results 
 
The results of the survey, observations, and interviews were analyzed to determine which 
aspects of CHIP were perceived to influence residents’ use.  The results from each of the 
data sources are discussed below. 
   
Survey Results 
The survey data was analyzed to determine the degree to which residents felt that CHIP 
was easy to use and/or that CHIP’s explanations were useful.  The mean and standard 
deviation, and the minimum and maximum values, were calculated for each variable. 
Table 2 – Survey Results 
 
  Mean StdDev Min Max 
 Ease of Use 
  P 1 Enough space to enter information 2.75 1.02 1 5 
L Familiar terminology 1.32 0.71 1 5 
O Logical grouping of topics 2.02 0.90 1 4 
O Logical and smooth flow of topics 2.24 1.06 1 4 
O Reference to all topics 2.70 0.87 1 4 
O Reference to topics beyond CHIP’s recommendations 2 3.90 0.82 1 5 
O Following CHIP’s suggested order of topics 2.90 1.02 1 5 
O CHIP topics that are not relevant 2 2.89 0.97 1 4 
O Relevant topics that CHIP does not include 2 3.58 0.82 1 5 
P Easy to read CHIP form 1.44 0.64 1 4 
P Easy to complete CHIP form 1.82 0.80 1 4 
L Easy to understand CHIP form 1.52 0.58 1 3 
 Overall, easy to use CHIP form 1.70 0.65 1 3 
 Provision of Explanations 
R Read explanations 2.64 0.98 1 5 
R Share explanations with patients 2.68 0.93 1 5 
R Explanations contribute to inclusion of the recommended topic 2.49 0.88 1 5 
C Reference to CHIP explanations to clarify a recommendation 3.30 1.17 1 5 
C Reference to colleagues to clarify a recommendation 2.31 1.04 1 5 
C Reference to another information source to clarify a recommendation 3.15 1.06 1 5 
 Overall, helpfulness of explanations toward following CHIP recommendations 2.61 0.89 1 5 
 Level of use of CHIP 2.06 1.32 1 6 
 Level of Training 1.86 0.83 1 3 
 
                                                     
1 The first column refers to which topic the given question pertains (P-Presentation, L-Layout, O-
Organization, R-Relevance, C-Credibility). 
2 The scale for this variable was reversed to match the scales for the other variables. 
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Regarding the ease of use questions, of the five questions that had the lowest means 
(most positive, with scores between 1 and 2), two involved layout of information 
(terminology and ease of understanding), two involved presentation of information (how 
easy the CHIP form is to read and how easy it is to complete the CHIP form), and one 
question asked about overall ease of use of CHIP.  The highest means (least positive, with 
scores between 4 and 5) were for the two questions about topics CHIP does not include that 
residents felt should have been included (relevant topics that CHIP does not include and 
reference to topics beyond CHIP’s recommendations).  These results show that residents felt 
that CHIP’s layout and presentation of information were very strong aspects of the system, 
but that there were topics that needed to be addressed with their patients that CHIP did not 
identify.  Most significantly, the fact that the mean for the overall ease of use of CHIP was 
among the best means (1.70) indicates that the residents felt very positive about how easy it 
is to use CHIP. 
The questions about CHIP’s provision of explanations were designed to explore 
residents’ attitudes about the aspects of both relevance and credibility.  The means for the 
questions designed to reveal residents’ perceptions of the relevance of explanations were 
very consistent with each other and near the middle of the 5-point scale, with the question 
about explanations contributing to residents’ including the corresponding topic in the patient 
consultation having the lowest mean (2.49), and the question asking about residents’ sharing 
explanations with patients having the highest mean (2.68).  The questions about the 
credibility of explanations were also near the middle of the scale.  Residents’ responses 
indicated that they refer to colleagues for clarification most often (mean of 2.31), and to 
CHIP least often (mean of 3.3).  Residents indicated that the explanations influence their 
decisions to follow a recommendation a little over half the time (mean of 2.68). 
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In keeping with the segmentation of the user population according to resident training 
and usage levels, the data was analyzed with a one-way analysis of variance to determine 
where relationships existed between these two variables, and the other variables included in 
the survey (see Appendix 3 for a complete table of the results of this analysis).  The only 
relationship found to be significant (for p<.01) was that of resident training level with the 
logical and smooth flow from one topic to another (F = 6.148, with df = 2, 34; p = .005).  
Means for each training level for this relationship are shown below (the lower the mean, the 
more positive the residents’ assessment of the topic flow in CHIP).  
Table 3 – Comparison of Flow Variable to Training Level 
   
Training Level Mean of Flow Variable Number of respondents 
PGY 1 1.89 21 
PGY 2 2.64 15 
PGY 3 2.31 14 
   
 
A cross-tabulation of the survey responses on this item showed that, as a group, the 
PGY 1 group (first-year residents) gave the flow variable the most positive scores, mostly 1’s 
and 2’s.  The PGY 2 group was bimodal in their responses, with ratings of 2 and 4 being the 
most common.  The PGY 3 responses were evenly distributed through the whole scale, 
from 1 to 5.  These findings support the observation that first-year residents were the group 
most likely to actually demonstrate topic-by-topic use of the CHIP form, whereas the 
second-year students were beginning to develop their own flow of topic discussion (thus the 
bimodal results could indicate distinct groups of very direct users of the form, and those 
who did not), and the third-year students, who were observed to have a more developed 
personal flow of topics, would be most varied in their responses toward the flow of the 
CHIP prompts because the degree to which they had developed their own flow of question-
asking would also be the most varied.
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Observation Results 
Use of the CHIP prompt sheets varied both among residents and, for each given 
resident, among patient visits.  On the one hand, one resident did not even look at the CHIP 
form (although many of the prompts listed on the CHIP form were topics she discussed in 
the visit); and at the other end of the spectrum were residents who followed the CHIP form 
relatively directly through the course of many if not all patient visits (see Appendix 4 for a 
summary of observed use of CHIP prompts by residents). 
Because the survey results (as well as the initial observation results) indicated no 
differences in the residents’ views of CHIP by training level or by level of usage, the 
observations from all eight residents were consolidated to determine how much the residents 
as a group used the CHIP prompt sheets during patient visits.  Residents were observed in a 
total of 39 patient visits.  During this observation period, a total of 244 recommendations 
were generated on the 39 CHIP sheets.  Recommendations were totaled by category (# 
Recommended).  Totals were then calculated to determine what percentage of the total 244 
CHIP recommendations each category (13 in all) represented (% Recommended).  Of the 
total recommendations made by CHIP during the observation period, the most frequent 
categories included were safety (34% of the total recommendations), testing (15%), diet 
(10%), and assessing caregiver issues (8%), and developmental milestones (7%), as shown 
below (see Appendix 5 for a complete table of the results of this analysis). 
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Table 4 – Observed Use of CHIP Recommendations 
 
 Category # Recommended % Recommended # Followed % Followed 
 Safety 83 0.34 67 0.81 
 Test (e.g. hearing, vision) 36 0.15 21 0.58 
 Diet 24 0.10 21 0.88 
 Assess (for caregiver issues) 19 0.08 16 0.84 
 Development 18 0.07 17 0.94 
 Treatment 16 0.07 1 0.06 
 Immunizations 14 0.06 3 0.21 
 Behavior 10 0.04 6 0.60 
 Diagnosis 8 0.03 0 0.00 
 Growth 8 0.03 3 0.38 
 Problem 4 0.02 2 0.50 
 Anticipate 2 0.01 1 0.50 
 Dental 2 0.01 1 0.50 
 Total 244 1 159 0.65 
 
 
Residents followed 159 of the 244 recommendations given by CHIP (65%).  As above, 
the followed recommendations were totaled by category (# Followed), and then the 
percentage of followed recommendations (out of the number recommended) was calculated 
(% Followed).  The recommendations most often followed were developmental milestones 
(94%), diet (88%), assessing caregiver issues (84%), safety (81%), and behavior (60%).  Since 
four of the five categories for each analysis are the same, this suggests that there is close 
correspondence between which categories CHIP prioritizes, and those that the residents feel 
are most important to emphasize.  It is noteworthy, however, that the category of 
recommendations most often followed by residents has only the fifth highest frequency of 
recommendations made by CHIP. 
Additional analysis reveals that, on average, there were at least two questions pertaining 
to safety for each CHIP sheet (84 questions to 39 sheets) – and sometimes, as many as five 
(out of eight) on a given sheet.  Developmental milestones, however, occurred on less than 
half the CHIP sheets (18 of the 39) – and only as one prompt (with several milestones 
included).  Comparing these figures with the topics the residents addressed during the 
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patient visits, developmental questions were asked almost every time they appeared on the 
CHIP sheet (17 of the 18 times), and residents asked about many additional developmental 
milestones beyond those listed on the prompt sheet.  Additionally, recommendations to 
discuss dosing instructions for acetaminophen were included on many CHIP sheets (16 of 
the 39 sheets), but only once did a resident follow the recommendation to discuss 
acetaminophen dosage. 
Finally, there were 167 topics that residents covered with patients that went beyond 
those identified by CHIP.  Of these topics, 40 were questions that appeared on CHIP sheets 
for other patients (e.g., wearing a bike helmet, caregivers smoking in the home, caregiver 
stress or support).  The remaining 127 were questions that were patient-specific in nature, 
and/or addressed specific issues affecting the patient (which required a level of granularity 
beyond which CHIP could perform). 
These cases where patients had specific concerns bring up another factor which was 
observed to influence residents’ use of the CHIP forms, and that is the particular 
circumstances in which patients were being seen.  The study was designed to observe 
residents’ use of CHIP forms during routine physicals, in which case the CHIP prompt 
sheets were typically followed more directly.  But, for patients who were being seen for a 
more specific need, the resident focused on the particular need, and often decreased (if not 
avoided) their use of the CHIP prompts. For example, during the first week of observations, 
behavior specialists were assisting in the clinic; accordingly, several patients were scheduled 
during this week so that their specific behavior issues could be addressed.  In these cases, the 
CHIP sheet was rarely referred to (and was seen as irrelevant).  These circumstances are 
believed to explain the difference between the usage levels on the survey reported for well-
patient visits, and those observed. 
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Use of the explanations provided with the prompts was harder to isolate, and it was thus 
not recorded.  But it was noted that residents did provide their own explanations for most of 
the prompts they asked about, and many of those explanations included aspects of the 
explanations provided by CHIP. 
 
Interview Results 
The post-observation interviews began with comparisons of the CHIP prompt sheets 
that had been used to record the topics covered by the resident during the patient visit, with 
the residents’ own copies of the CHIP sheets.  There was very close similarity between the 
two versions, the only exceptions being where the resident had incorporated some 
knowledge outside of the observation (e.g. prior experience with the patient) into the 
completion of the CHIP sheet. 
The comparison of the two versions of the CHIP form led to a conversation about 
which topics were addressed during the patient visit, and which ones were not.  Although 
the responses to these questions varied by resident and patient, the most frequent reason 
given for omitting topics was the perception that the topics were irrelevant or otherwise did 
not apply (for example, one prompt sheet suggested that the patient was overweight and 
should consider dieting; when in fact, the patient was, in the words of the resident, “buff,” 
and thus the extra muscle mass accounted for the higher weight percentile).  A variation on 
this response was that some residents felt that questions seemed redundant with each other 
(for instance, several of the car safety questions seem redundant with each other because the 
information contained in each question is very similar); or some residents felt that discussing 
the topic would put undue emphasis on certain topics (e.g. acetaminophen dosing) – and/or 
that this information is available from many other sources (acetaminophen dosing is 
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available on the bottle itself; similarly, information about child seats is widely available).  
Additionally, some residents said that they skipped some of the recommended prompts 
because they were difficult to ask (e.g., some of the support questions, or whether adults are 
smoking in the home), or because time did not permit.   
Responses to the general questions about residents’ perceptions of whether CHIP was 
easy to use, and whether the residents found that the explanations influenced their decisions 
about including the suggested topics, were again varied.  For example, residents all agreed 
that the checkboxes on the CHIP form were easy to actually check off, but they had varied 
feelings about how easy it was to do so during the course of the patient visit, or even 
afterwards, in the context of all of the other paperwork they are required to complete.  
Additionally, since residents are also required to dictate their notes, some felt that 
completing the CHIP sheet felt like an extra – and unnecessary – redundancy.  So, although 
all agreed that actually navigating the form was easy, they varied in their attitudes about using 
it in the course of their day.  As for the use of the explanations, many residents responded 
that they had found the explanations helpful when they were first using CHIP, but now felt 
that the explanations obscured the prompts themselves.  Some residents did believe, 
however, that the explanations helped them understand the rationale for certain prompts, 
and to subsequently explain to their patients the rationale for asking a given prompt (such as 
making sure the temperature for the hot water heater does not exceed 120°).  Other 
explanations, however, were viewed as being based on common sense, and thus unnecessary 
and unhelpful.  
When asked why they used CHIP (or didn’t), the primary answer given for using CHIP 
was that it provided a good aid for residents as they were gaining experience and establishing 
their own repertoire of questions and patient interaction (this was supported by the inclusion 
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of the 40 questions about prompts found on CHIP sheets for other patients but not 
generated on the particular patient prompt sheet for that visit, as discussed above).  Also, 
residents responded that it was helpful to have these reminders on busier days when their 
time was more limited with patients, and also on days when they were not as alert as usual 
(such as those days directly following all-night rotations in the Emergency Room).  
Additionally, residents responded that they used CHIP because they trusted its creator and 
its content, that they felt that the system was easy to use (especially the checkboxes), and that 
they felt that the explanations were helpful when they were first using the system.  Residents’ 
reasons for not using CHIP were that checking off the CHIP sheet interfered with the flow 
of the patient visit (and sometimes the rapport with patients and their parents), that they 
didn’t want to rely on CHIP for reminding them of what should be discussed in the patient 
visits, and that CHIP was redundant with various other systems1 they used to do their jobs.   
                                                     
1 There is an independent dictation system that maintains clinic notes on patients separately from 
CHIP.  Also, there is an alternate system for keeping residents up-to-date on which immunizations 
their patients need.  
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Discussion of Results 
 
Residents’ willingness to use CHIP varies from resident to resident, and is influenced by 
characteristics of the system itself, as well as factors external to the system.  These factors 
include residents’ perception of how easy it is to use CHIP, and how useful they feel CHIP’s 
explanations are.  Other factors that affect how much and whether the system is used 
include users’ trust of CHIP, and various aspects of Rogers’ (1983) diffusion theory. 
 
Ease of Use 
The residents’ survey responses indicate that CHIP’s information architecture is well-
suited to their needs, especially in terms of labeling, as well as presentation of information – 
although some residents indicated that improvements could be made by providing more 
room for notes and providing that space near the prompt, so that the notes can be shorter 
and clearer (residents complained of having to turn the CHIP form over to enter notes, and 
then forgetting to turn it back to its original side to view additional prompts).  The 
organization of information in CHIP was not viewed quite as positively as the previous two 
characteristics, however.  Residents’ survey responses indicated that the topics need to be 
more logically grouped and better balanced.  Specifically, many residents said that the 
prompts were too strongly weighted towards safety, and not enough toward the more 
relevant topic of development, which is supported by the findings above showing that, for 
every two CHIP sheets, there are four recommendations about safety, compared to one 
about development. 
In terms of the physical action of checking off the prompt checkboxes, the residents’ 
responses demonstrate an interesting dimension to the seemingly straightforward concept of 
“easy to use.”  There was general agreement that it is easy to check the checkboxes, but there 
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was wide disagreement about whether it was easy to do that during the course of the patient 
visit, or afterwards, or at all.  Because many residents placed such a high priority on building 
rapport with their patients, they did not want anything to be seen as a barrier between them 
and their patients, and felt that checking items off a list would seem that way to their 
patients.  And truly, some of the residents who did actually check off the prompts during the 
patient visit did not incorporate the prompts with the flow of the patient visit, and thus their 
use of the prompt sheet came across as being too mechanical – disjointed (and/or 
redundant) with the other topics discussed during the patient visit. 
Another reason for residents de-emphasizing CHIP was that it was redundant with other 
systems in place in the clinic.  Most significantly, because the residents dictated their notes 
following the patient visit, some felt that checking off the CHIP sheet was secondary, and 
required dual data entry.  Similarly, because the nursing staff had an alternative system for 
tracking the immunization history of the patients, many residents relied on this tracking 
system rather than CHIP for the most up-to-date immunization information.  Taken 
together, the presence of the other systems competed with CHIP, and undermined its 
perceived usefulness.  Furthermore, because use of each of the other systems was required, 
CHIP was seen as an optional overlay to these other systems and, understandably, many 
residents did not feel that it was worth their time and effort to use. 
Many residents did indicate that they felt CHIP was useful, however.  The general 
agreement that the CHIP prompts are helpful reminders, especially for less experienced 
residents who are still developing their skills and understanding, is reasonable, as is the 
perception that the prompts are also helpful for overworked residents who are in constant 
motion and dealing with multiple patients – who often have multiple issues – in multiple 
locations throughout the week.  It would be expected that the resident would benefit from a 
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system such as CHIP that was designed to assist them by condensing and prioritizing what 
must be covered during the patient visit.  Additionally, pursuant to the discussion above 
regarding patient rapport, CHIP was seen as being particularly helpful when residents were 
interacting with patients for the first time, since it provided information – or 
recommendations about asking about information – that the resident would not have for a 
new patient (e.g. whether there was a smoker in the home). 
 
Provision of Explanations 
The less positive responses regarding the residents’ perceptions of the explanations 
provided by CHIP – that the residents found the explanations to be relevant only half the 
time, and that they referred to other information sources to clarify the prompts (rather than 
the explanations provided), is understandable in light of their belief that the explanations 
serve as learning tools and, thus, lose their relevance and helpfulness over time.  If residents 
felt that sharing the prompts with the patients was sometimes a bit artificial and mechanical, 
they definitely felt this way about sharing the explanations directly from the sheet.  But the 
residents (particularly the more experienced ones) did provide their own explanations to 
patients for the questions they asked (including both CHIP prompts and questions that were 
not on the CHIP sheet) and, when asked about whether these explanations were informed 
or assisted by CHIP, there was agreement that CHIP at least helped in their formulation.  
Not unlike the redundancy of the systems discussed above, it was also suggested that the 
information contained in the explanations was available elsewhere and was unnecessary as 
currently displayed alongside the prompts.  It was also suggested that the explanations be 
shortened and, where possible, incorporated with the prompts (e.g. the explanation about 
tap water temperature could simply be incorporated into the prompt, such that the prompt 
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contained the significant detail of 120°, and then eliminate the rest of the text in the 
explanation).   
 
Trust 
This desire to minimize (or even remove) the explanations could be viewed as an 
indication that the explanations are not necessary for the residents to trust the system 
recommendations.  This assumption is supported by the reasons the residents gave for why 
they trusted the information contained in the system.  One of the primary reasons the 
residents said they trusted the system was that it was designed by someone they knew and 
respected, echoing Rosenbloom’s (2000) claim about users’ trust of the people behind the 
technology.  Residents also said that the information contained in CHIP was consistent with 
their training and their other reference materials. 
The users’ distrust of the system pertained to their experiences of the CHIP form 
generating prompts that were not appropriate for the patient.  In some cases, this was due to 
the fact that the prompts are based on general guidelines and so, by definition, do not apply 
to exceptions (e.g. the extremely muscular adolescent for whom a diet was recommended, or 
premature babies whose statistics are not accounted for in the system) or instances where 
patients have specific needs or concerns (which were addressed by the 167 more specialized 
issues that the residents discussed with patients, that CHIP did not – and could not – 
address to this level of granularity).  Alternatively, residents do not feel that the CHIP 
prompts are thorough enough in some cases.  This was especially the case with the prompts 
pertaining to developmental milestones.  Because this is an area where so much information 
must be covered, residents felt that the CHIP prompts should have much more information 
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contained on this topic – and its subtopics of verbal development, motor development, etc. 
– and should reduce the number of prompts pertaining to safety and morbidity. 
Residents also are wary of overtrusting the prompts because of the perceived inaccuracy 
and/or inconsistency of the data entry (which was clearly observed in the course of this 
study).  Because there is inconsistency in what data is entered by residents, many believe that 
they must cover all pertinent questions and not rely on CHIP to make that determination for 
them.  It should be noted here that Muir (1987) warns that users will sometimes use lack of 
credibility as an excuse for avoiding technologies they don’t wish to use.  In this case, 
because of the need for information sharing, users who avoid using CHIP actually render it 
not credible for all users and, thus, undermine its reliability and efficacy.  In other words, the 
residents seem to trust the content of the system, but do not trust their colleagues to ensure 
accurate data entry and, in combination with that weakness, sometimes do not trust the 
system to generate the most appropriate (or thorough) recommendations. 
 
Diffusion of Innovations 
The trust issues as described above are a complex intersection of dynamics within a 
group of users and between the users and the innovation.  Rogers’ (1983) diffusion theory 
identifies such dynamics and their role in the adoption of innovations.  For instance, the 
users who are reticent to use CHIP would fall into his “laggards” category.  In a system that 
relies on the information provided by all users, the laggards can clearly thwart the successful 
adoption within a given community.  Another factor that Rogers identifies as affecting the 
adoption of technologies is the social norms perceived by the users.  In this particular case, 
these norms would be viewed in terms of users’ perceptions of whether – and how – they 
are expected to use CHIP.  Interestingly, the perceptions varied widely, such that some 
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residents felt that there were strong expectations for them to use CHIP, where others felt 
that there was little to no expectation that they do so.  Similarly, the role of the opinion 
leader affected residents in different ways.  Because of the relationship between the residents 
and their attending physicians who mentor them in their training, the opinions of the 
attending physicians naturally influenced how the residents performed their various duties – 
including the use of CHIP.  And because the various attending physicians had differing 
views of CHIP, so too did their residents.  Because each of these elements varied according 
to resident, it follows, that their adoption of CHIP would also vary. 
In addition to dynamics within the user group, the dynamics between the users and the 
technology itself affect to what extent the technology is used.  One of those elements is the 
compatibility of the system and the work environment for which it is intended.  Since 
CHIP’s developer works in this particular work environment and provides mentoring and 
expertise to the intended users, CHIP clearly is compatible with the environment in which it 
is used.  Admittedly, the subsequent advent of the dictation system (which was not in place 
when CHIP was first implemented) has clearly created redundancy and thus undermined the 
perceived efficacy of CHIP – but this issue stems from poor integration of multiple systems, 
and is not based on a deficiency within CHIP itself. 
Other innovation characteristics that Rogers suggests will affect its adoption are the 
innovation’s observability and/or trialability.  Each of these factors clearly apply to CHIP, 
since residents could easily observe their peers using the CHIP forms (or not); also, since the 
standard procedure was for the nurses to print the CHIP forms for each patient, it was easy 
for residents to try out the form in their patient visits.  Another factor Rogers identifies is 
how the complexity of the innovation may affect users’ willingness to make an initial attempt 
to use the system.  Because CHIP is so universally viewed as easy to use (at least in terms of 
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physically navigating the form), the low level of complexity should encourage users to 
attempt to use it.  The relative advantage that a system may provide a user is another 
characteristic that Rogers suggests will affect users’ willingness to use the system.  This 
characteristic maps more or less to the discussion above regarding how useful users perceive 
the system to be.  For those users who felt that the prompts – and, in some cases, the 
explanations also – were helpful in their work, they would clearly see the advantage of 
adopting the use of CHIP. 
 
“Reinvention” 
Residents did not all have the same impressions of CHIP, nor did they use CHIP to the 
same degree.  Similarly, they did not all use CHIP in the same way, or for the same purpose.  
Some residents used CHIP as a helpful reminder checklist.  Others used CHIP as a template 
for dictation.  Still others used CHIP as a training tool to expand the repertoire of questions 
they asked their patients (and explanations they provided with those questions).  And still 
others used CHIP because it sometimes contained the answer to the questions on tests they 
had to take.  Rogers (1983) calls this varied use of an innovation “reinvention,” which he 
defines as “the degree to which an innovation is changed or modified by a user in the 
process of its adoption and implementation” (p. 17).  According to Rogers, this process of 
developing uses for a system which are different from the “mainline version” of the system 
is just as much a part of the process of innovation adoption as “the passive role of just 
implementing a standard template of the new idea” (p. 17). 
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Suggestions for Improvements to CHIP 
 
As a group, the residents using CHIP agreed that the system was useful enough to 
incorporate into their use, and were willing to continue to do so (for those who were in fact 
using it).  Out of the conversations, though, came thoughts and input for potential future 
improvements upon, or amendments to, the system.  These include migration to a wireless 
platform and addition of features to CHIP. 
 
Wireless Platform 
As wireless technology becomes more ubiquitous in today’s work environments, uses 
and applications for wireless devices are being developed and deployed more and more 
frequently.  Indeed, many of the residents currently use Palm devices for reference 
information such as formulary lists and dosing guidelines.  It seems logical, then, that CHIP 
could be transferred from the current paper version to an electronic version that could be 
carried into the patient visit – such as on a handheld device.  Although some users may still 
view this solution as having a negative impact on rapport-building with their patients, the 
benefits of such a system could quite easily outweigh such disadvantages. 
With an electronic system, the interface could be customized to accommodate many of 
the features that residents suggested would be helpful.  For one thing, explanations that 
many felt were more relevant upon initial use of the system – or as infrequent reminders, 
could be arranged so that they could be called forth when needed, but could be kept out of 
the way by default (or once the user had viewed them a given number of times).  Also, space 
for the lengthy notes could be provided in-line, and near the given prompt in a collapsible 
text entry area so that, as with the explanations, screen space is maximized and optimized.  
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Another setting that could be customized would be the number of prompts, or the 
categories of prompts for which users feel that they would benefit from greater depth (e.g. 
Development) – so that the prompts that are currently selected by CHIP would still appear, 
but additional information would be available as well.  Finally, with an electronic version, 
more sophisticated integration of the clinic notes (currently dictated) and former CHIP entry 
sheets could be available in one integrated system, so that each system (the current dictation 
system and CHIP) could mutually support each other, rather than duplicate the efforts of 
each other.  It is recognized that such recommendations would require a significant 
investment of time and resources, but it is believed that the benefits of such a system would 
make the investment worthwhile – and would increase the likelihood of the system’s 
adoption. 
 
Smaller Scale Additions 
On a smaller scale, there are additional items that are now manually generated, or are 
culled from the dictation system in a very slow, labor-intensive manner, that would be 
tremendous assets to users if they could be automated.  Growth charts are very time-
consuming to generate, and were often erroneous (using the wrong version of the chart – 
male or female – was a common mistake observed in the clinic).  If this could be 
incorporated into the current printouts generated by CHIP, the users (both residents and 
nurses) would greatly benefit.  Additionally, because of the present dual system predicament, 
residents must read through the clinic note, and manually write down all problems 
documented in the former notes.  If there were a running “problem list” maintained by 
CHIP, where such a list could be easily viewed and tracked on an ongoing basis, residents 
would again be greatly benefited.  Finally, as mentioned above, some of the questions could 
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be combined to reduce seeming redundancies, and thus to allow for a greater variety of 
questions to be generated by CHIP. 
 
Clearly these proposed ideas range from major to minor system revisions.  It is believed, 
however, that all efforts made to increase the accuracy and reliability of the data and, thus, 
the users’ trust of it, by providing explanations that assist the user in his or her 
understanding of the material being presented and, above all, making the system user-
friendly enough that the resident feels that it is worth using, will help to ensure the 
successful adoption of the system, and thus increase the quality of care provided by the 
practitioners using it. 
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Limitations of Study 
 
Because of the various parameters set on this study, it contains inherent limitations.  One 
of the most significant limitations is the fact that it takes place in the very environment 
where the system’s creator works and, secondarily, that it takes place in a teaching hospital.  
Combined, these factors are likely to make the residents atypically willing to try CHIP, 
because they are more willing to do something that is “good for them,” and are much less 
driven by the “bottom-line” than private clinics (according to Dr. Stephen Downs).  
Furthermore, a study has already been conducted that compares this user group to a private 
practice user group, and studies the sociological factors that distinguish each group and 
contribute to each group’s adoption or rejection of the system (Travers & Downs, 2000).  
Thus, the scope of this study is focused on the single user group, rather than trying to 
compare user groups. 
Within this already limited community of users, the number of observed residents was 
kept at a minimum because of the constraints of time on this study.  Ideally, more residents 
would have been observed in patient visits, to get a more complete sense of how CHIP is 
used in this clinic.  Additionally, because of the constraints of time on this study, 
observations were held during weeks that had previously been declared “behavior week” and 
“teen week,” at the clinic, which meant that some of the patients were being seen for these 
particular situations, and that the patient visit was not actually a “well child visit,” which in 
turn meant that the CHIP sheets were not used as fully as they would have been during a 
truly routine physical.  Consequently, the various patient visits being compared are not a 
homogenous set. 
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Conclusion 
 
As automation becomes more capable and more intelligent, it becomes more pervasive 
in our society.  We all rely (whether we wish to or not) more and more on the technology 
with which we must partner to perform competently.  At the same time, however, we are in 
the “paradoxical role” of being responsible for monitoring the reliability of the systems that 
are supposed to be smarter than us (Muir, 1987, p. 537).  As such, it is critical that users trust 
these systems to assist them in their work– particularly where there is discomfort about or 
resistance to using them.  Two aspects of system design that contribute to user confidence 
are ease of use and provision of explanations. 
User-centered interface design is commonly accepted as a critical component of software 
design; but its scope must include more than navigational ease and attractive display.  
Effective design also – and some would claim, more importantly – must make it easy for 
users to find and use the information they are seeking.  This includes how the information is 
arranged, which involves mapping the system to whatever form the users have used prior to 
the decision support system, as well as general logical arrangement.  Effective design also 
includes using the same labeling and terminology that users are familiar with and accustomed 
to.  Designing for ease of use also includes effective presentation of information according 
to the task for which the system is being used. 
Provision of explanations is also critical to user trust of systems.  Explanations for the 
recommendations the system proposes helps users understand why the recommendations 
are being made.  Additionally, the explanations are useful for the users as they work to 
reformulate the explanations into their own words as they pass on the recommendations. 
System design is not enough to ensure successful adoption, though.  The dynamics of 
the various groups impacted by the new technology, and how the technology and the group 
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will interact, will also affect the adoption of the technology.  Sometimes these dynamics 
support the adoption of new technologies, such as in this case where the system designer is a 
well-respected member of the user community.  On the other hand, those users who are less 
comfortable with the system undermine its credibility and, in instances where information is 
shared, undermine its efficacy for all who need access to that information. 
On the whole, the users who seemed most willing to incorporate CHIP were those who 
were able to see how they could benefit – in terms of time, ease of use, expertise, or all of 
the above – by using CHIP.  They felt that CHIP lent them its expertise and its credibility.  
Even those who felt they no longer had need of CHIP still recognized that their use of 
CHIP assisted in their development of the expertise they currently displayed. 
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Appendix 1 – Pre-Observation Survey 
 
 Ease of Use       
1  Always 
1 
 
2 
 
3 
 
4 
Never 
5 
No 
Opinion 
P Is there enough space to enter information 
easily? 
      
L Does the form use terminology with which you 
are familiar? 
      
O Are topics are grouped logically?       
O Was the flow from one topic to another logical 
and smooth? 
      
O Do you refer to all of the suggested topics?       
O Do you introduce topics beyond those that 
were suggested? 
      
O Do you follow the suggested order of topics?       
O Are there topics that are suggested that you 
feel are not relevant for the patient 
consultation? 
      
O Are there topics that are not suggested that 
you feel are relevant for the patient 
consultation? 
      
  Very Easy 
1 
 
2 
 
3 
 
4 
Very Hard
5 
No 
Opinion 
P How easy is it to read the text on the form?       
P How easy is it to tell what to do to complete 
the preventive service for the topic?  
      
L How easy is it to understand the information 
on the form? 
      
 Overall, how easy is it to use CHIP?       
 Provision of Explanations       
  Always 
1 
 
2 
 
3 
 
4 
Never 
5 
No 
Opinion 
R How often do you read through the 
explanations accompanying recommended 
preventive services to help clarify why the 
recommendation is made? 
      
R How often do you share the explanations 
accompanying recommended preventive 
services with patients during the patient 
consultation? 
      
R How often do you feel that the explanations 
contribute to your willingness to include the 
recommended preventive service in the 
consultation? 
      
  Always 
1 
 
2 
 
3 
 
4 
Never 
5 
No 
Opinion 
C If you’re not clear about the information 
provided about a given service, how often do 
you refer to the explanations provided by CHIP 
for clarification? 
      
C If you’re not clear about the information 
provided about a given service, how often do 
you refer to your colleagues (incl. your 
supervising attending) for clarification? 
      
C If you’re not clear about the rationale for why a 
topic is included, how often do you refer to 
another information source (i.e. a text, journal, 
MedLine, or the Internet) for clarification? 
      
 Overall, do the explanations make you 
more willing to follow CHIP’s 
recommendations? 
      
 Overall Use of System       
  90-100% 70-90% 50-70% 30-50% 10-30% 0-10% 
 How often do you use CHIP (for well child 
checks)? 
      
  PGY 1 PGY 2 PGY 3 PGY 4 Attend Nurse 
 Your Training Level       
                                                     
1 The first column refers to which topic the given question pertains to (P-Presentation, L-Layout, O-
Organization, R-Relevance, C-Credibility). 
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Appendix 2 – Sampling Frame 
 
 
 
 PGY1 PGY2 PGY3 Total 
03 1, 2 
10 
13 
21  
28 3 
34 
35 
41 
42 
04 
05 
09 
15 
18 
29 
36 
07 
45 
38 
48 
49 90-100% 
9 7 5 21 
 
06 
12 
16 
27 
31 
43 
46 
11 
14 
20 
30 
32 
 
01 
22 
24 
47 
70-90% 
7 5 4 16 
 
50 
25 
39 
 
37 23 
19 
40 
44 
50-70% 
3 1 4 8 
 
33 
17 
30-50% 
2 
  
2 
 
10-30%    0 
 
02 
26 
08 
0-10% 
 
2 1 3 
Total 21 15 14 50 
 
 
 
 
 
 
                                                     
1 Numbers in cells refer to code numbers used for residents. 
2 Items shaded in light gray were cells selected for observation. 
3 Numbers in italics were subjects selected for observation. 
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Appendix 3 – Univariate Analysis of Variance of Survey Questions 
 
 
 Frequency 1 Training 2 Interaction 3 
Ease of Use df F Sig df F Sig df F Sig 
Enough space to enter information 4, 36 2.028 .111 2, 36 1.248 .299 5, 36 1.223 .318 
Familiar terminology 4, 38 0.151 .961 2, 38 0.076 .927 5, 38 0.463 .801 
Logical grouping of topics 4, 35 2.136 .097 2, 35 3.624 .037 5, 35 1.657 .171 
logical and smooth flow of topics 4, 34 3.225 .024 2, 34 6.148 .005 5, 34 2.375 .060 
Reference to all topics 4, 36 0.565 .690 2, 36 0.367 .695 5, 36 1.395 .249 
Reference to topics beyond CHIP’s 
recommendations 
4, 37 0.426 .789 2, 37 0.801 .456 5, 37 0.698 .629 
Following CHIP’s suggested order of 
topics 
4, 36 2.813 .040 2, 36 0.047 .955 5, 36 0.991 .437 
CHIP topics that are not relevant 4, 34 1.330 .279 2, 34 2.822 .073 5, 34 1.821 .135 
Relevant topics that CHIP does not 
include 
4, 36 0.473 .755 2, 36 0.699 .504 5, 36 0.419 .832 
Easy to read CHIP form 4, 38 1.872 .135 2, 38 0.317 .730 5, 38 0.563 .728 
Easy to complete CHIP form 4, 38 0.617 .653 2, 38 0.437 .649 5, 38 0.421 .831 
Easy to understand CHIP form 4, 38 1.083 .379 2, 38 1.117 .338 5, 38 0.543 .742 
Overall, easy to use CHIP form 4, 38 0.750 .564 2, 38 0.672 .517 5, 38 0.667 .651 
Provision of Explanations          
Read explanations 4, 33 0.320 .863 2, 33 1.695 .199 5, 33 0.330 .891 
Share explanations with patients 4, 32 1.221 .322 2, 32 1.586 .220 5, 32 0.507 .769 
Explanations contribute to inclusion of 
the recommended topic 
4, 31 0.554 .698 2, 31 0.527 .596 5, 31 0.465 .799 
Reference to CHIP explanations to 
clarify a recommendation 
4, 32 1.107 .370 2, 32 0.150 .861 5, 32 0.104 .991 
Reference to colleagues to clarify a 
recommendation 
4, 33 0.256 .904 2, 33 0.478 .624 5, 33 0.198 .961 
Reference to another information 
source to clarify a recommendation 
4, 35 0.389 .815 2, 35 0.597 .556 5, 35 0.207 .957 
Overall, helpfulness of explanations 
toward following CHIP 
recommendations 
4, 32 0.349 .842 2, 32 0.147 .864 5, 32 0.697 .630 
 
 
 
                                                     
1 Refers to frequency of use 
2 Refers to training level 
3 Refers to interaction of the variables of frequency of use and training level 
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 Appendix 4 – Observed Use of CHIP Prompts by Residents 
 
  Patient # Recommended 1  # Followed 2 % # Other Questions 3 
# 06 4 1 8 6 0.75 2 
 2 8 7 0.88 2 
 3 4 2 0.50 5 
 4 4 0 0.00 5 
 5 4 0 0.00 7 
 Average   0.43  
#09 1 8 8 1.00 8 
 2 8 8 1.00 3 
 3 4 3 0.75 3 
 4 8 7 0.88 3 
 5 4 3 0.75 5 
 Average   0.88  
#17 1 4 0 0.00 4 
 2 8 8 1.00 3 
 3 8 7 0.88 7 
 4 8 7 0.88 5 
 5 8 7 0.88 4 
 6 8 8 1.00 6 
 Average   0.77  
#26 1 8 4 0.50 2 
 2 4 0 0.00 4 
 3 4 0 0.00 4 
 4 8 0 0.00 6 
 5 4 0 0.00 4 
 6 8 7 0.88 8 
 7 8 5 0.63 3 
 Average   0.29  
#28 1 4 3 0.75 2 
 2 4 0 0.00 2 
 3 8 0 0.00 6 
 Average   0.25  
#32 1 8 6 0.75 5 
 2 8 5 0.63 8 
 3 8 8 1.00 7 
 4 4 0 0.00 5 
 Average   0.59  
#38 1 8 7 0.88 5 
 2 4 2 0.50 1 
 3 4 2 0.50 3 
 Average   0.63  
#40 1 4 3 0.75 1 
 2 4 4 1.00 4 
 3 4 2 0.50 2 
 4 8 5 0.63 4 
 5 8 7 0.88 5 
 6 8 8 1.00 4 
 Average   0.79  
TOTALS 39 244 159 0.65 167 
                                                     
1 Refers to number of recommendations made by CHIP for each patient visit. 
2 Refers to number of CHIP recommendations followed by resident. 
3 Refers to other topics introduced by resident during patient visit. 
4 Refers to resident (coded references were used to maintain anonymity). 
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Appendix 5 – Observed Use of CHIP Recommendations 
 
Question CHIP % Resident % 
Safety – Child Seat 2 0.01 1 0.50 
Safety – Child seat – use 14 0.06 13 0.93 
Safety – Child seat – use properly 10 0.04 10 1.00 
Safety – Booster seat – use 2 0.01 1 0.50 
Safety – Booster seat – use properly 2 0.01 1 0.50 
Safety – Seat Belt 12 0.05 7 0.58 
Safety - Bike Helmet 2 0.01 0 0.00 
Safety – Tobacco Smoke 13 0.05 10 0.77 
Safety – Falling asleep while Smoking 1 0.00 1 1.00 
Safety – Has Smoker in Home 2 0.01 2 1.00 
Safety – Tap Water 11 0.05 9 0.82 
Safety – Supervision w/ Water 1 0.00 1 1.00 
Safety – Fire Extinguisher 2 0.01 2 1.00 
Safety – Smoke Detectors in Home 8 0.03 8 1.00 
Safety – Sun Exposure 1 0.00 1 1.00 
Total Safety 83 0.34 67 0.81 
Test – Audiometry 4 0.02 1 0.25 
Test – HCT/HGB 5 0.02 2 0.40 
Test – Hearing Impairment Risk Factors 4 0.02 3 0.75 
Test – Hearing Screen 1 0.00 1 1.00 
Test – Newborn Screen Results 6 0.02 5 0.83 
Test – PPD 9 0.04 7 0.78 
Test – Vision Screening 5 0.02 1 0.20 
Test – Lead Intoxication 2 0.01 1 0.50 
Total Test 36 0.15 21 0.58 
Diet – 3 meals a day, healthy snacks, no fast food 1 0.00 1 1.00 
Diet – Body Image, dieting 3 0.01 2 0.67 
Diet – Breast Feeding 9 0.04 9 1.00 
Diet – Scheduled Meals and Snacks 3 0.01 3 1.00 
Diet – Self-feeding 1 0.00 1 1.00 
Diet – Sit @ table, use utensils 1 0.00 1 1.00 
Diet – Solids 1 0.00 1 1.00 
Diet – WIC 3 0.01 1 0.33 
Diet – Junk Food 1 0.00 1 1.00 
Diet – Finger Foods 1 0.00 1 1.00 
Total Diet 24 0.10 21 0.88 
Assess – Caregiver – stress 4 0.02 4 1.00 
Assess – Caregiver – support 4 0.02 4 1.00 
Assess – Concerns w/ weapons, violence, substance abuse 11 0.05 8 0.73 
Total Assess 19 0.08 16 0.84 
Development – Milestones 18 0.07 17 0.94 
Total Development 18 0.07 17 0.94 
TX Plan – Acetaminophen 16 0.07 1 0.06 
Total Treatment 16 0.07 1 0.06 
IMMS – Influenza 10 0.04 3 0.30 
IMMS – Td Booster 1 0.00 0 0.00 
IMMS – Varicella 2 0.01 0 0.00 
IMMS – TD 1 0.00 0 0.00 
Total Immunizations 14 0.06 3 0.21 
Behavior – Battles, Tantrums, etc 2 0.01 2 1.00 
Behavior – Tantrums, hit back, swear 1 0.00 0 0.00 
Behavior – Television 2 0.01 1 0.50 
Behavior – Discipline, Discipline Problems 2 0.01 1 0.50 
Behavior – Caregiver Concern 1 0.00 1 1.00 
Behavior – Referral/Parent Stress 1 0.00 0 0.00 
Behavior – Toddler Independence 1 0.00 1 1.00 
Total Behavior 10 0.04 6 0.60 
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Question CHIP % Resident % 
Diagnosis – Otitis Media, Reactive Airways, OM, UTI 8 0.03 0 0.00 
Total Diagnosis 8 0.03 0 0.00 
Growth 1 0.00 1 1.00 
Growth – head circumference low 2 0.01 0 0.00 
Growth – High Weight Percentile 2 0.01 1 0.50 
Growth – low height percentile 3 0.01 1 0.33 
Total Growth 8 0.03 3 0.38 
Problem – No recent Well Child Visit 2 0.01 0 0.00 
Problem – Problem list – Devlp. MileSt, Hearing, Toddler Seat 1 0.00 1 1.00 
Problem – Problem list – Devlp. MileSt, Toddler Seat 1 0.00 1 1.00 
Total Problem 4 0.02 2 0.50 
Anticipate – Social/sexual development 1 0.00 0 0.00 
Anticipate – toilet training, discipline, child care 1 0.00 1 1.00 
Total Anticipate 2 0.01 1 0.50 
Dental – Regular Checkups? 1 0.00 0 0.00 
Dental – Tooth brushing 1 0.00 1 1.00 
Total Dental 2 0.01 1 0.50 
Total 244 1.00 159 0.65 
 
 
 
 
 
